Aims. This paper reports on the detection of optical novae in our neighbour galaxy M 31 based on digitized historical Tautenburg Schmidt plates. The accurate positions of the detected novae lead to a much larger database when searching for recurrent novae in M 31. Methods. We conducted a systematic search for novae on 306 digitized Tautenburg Schmidt plates covering a time span of 36 years from 1960 to 1996. From the database of both ∼ 3 × 10 5 light curves and 10 6 detections on only one plate per colour band, nova candidates were efficiently selected by automated algorithms and subsequently individually inspected by eye. Results. We report the detection of 84 nova candidates. We found 55 nova candidates from the automated analysis of the light curves. Among these, 22 were previously unknown, 12 were known but not identified on Tautenburg Schmidt plates before, and 21 novae had been discovered previously on Tautenburg plates. An additional 29 known novae could be confirmed by the detailed investigation of single detections. One of our newly discovered nova candidates shows a high position coincidence with a nova detected about 30 years earlier. Therefore, this object is likely to be a recurrent nova. Furthermore, we re-investigated all 41 nova candidates previously found on Tautenburg plates and confirm all but two. Positions are given for all nova candidates with a typical accuracy of ∼ 0 .
Introduction
Classical novae (CN) are thermonuclear explosions on the surface of white dwarfs (WD) in cataclysmic binary systems. These explosions are caused by the transfer of matter from the companion to the WD. The transferred hydrogen-rich matter is accumulated on the surface of the WD until hydrogen ignition starts as a thermonuclear runaway process in the degenerated matter of the envelope. The resulting expansion of the hot envelope causes the luminosity of the star to rise by more than 9 magnitudes within a few days (see Hernanz 2005; Warner 1995; and references therein) .
A comprehensive compilation of novae in nearby galaxies is desirable for various issues such as nova physics (e.g., Pietsch et al. 2005) or the distributions of stellar populations (e.g., Ciardullo et al. 1987; Hatano et al. 1997; Yungelson et al. 1997) . In our galaxy, the investigation of the nova population is hampered by the large area (namely the whole sky) to be scrutinised and by our unfavourable position close to the Galactic Plane. For nearby extragalactic systems, the situation is comparatively more promising. In particular, our huge neighbour galaxy M 31 is very suitable for different kinds of statistical studies of novae because of its proximity and the high number of optical nova outbursts per year.
⋆ Tables 10 -19 and Figures 8 -14 are only available in electronic form via http://www.edpsciences.org Pietsch et al. (2005) find that optical novae represent the major class of supersoft X-ray sources (SSS) in M 31. More than 30% of the optical novae in the M 31 centre area show an SSS phase within a year (Pietsch et al. 2007 ; hereafter PHS07). The X-ray monitoring of optical novae allows the mass of the ejecta, the burned mass, and the mass of the WD in the system to be constrained.
There have been various systematical surveys of novae in M 31 for more than 80 years starting with the pioneering work of Hubble (1929) and Arp (1956) . Among the many other contributors, we refer here only to the work of Rosino et al. (1964 Rosino et al. ( , 1973 Rosino et al. ( , 1989 , Ciardullo and co-workers (e.g., 1987 ), Sharov & Alksnis (1991 , 1992 , and Shafter and co-workers (e.g., Shafter & Irby 2001) . More recent efforts include, in particular, the AGAPE project (Ansari et al. 2004) , the POINT-AGAPE project (Darnley et al. 2004) , and the WeCAPP project (Fliri et al. 2006) . The result of this huge effort is a relatively large number of known novae in M 31. Recently, PHS07 collected 719 optical novae and nova candidates in M 31 with outbursts before the end of 2005 based on their own research and a search in the literature. This catalogue is regularly updated 1 . PHS07 point out that position information (for some also time of outburst) is poor for many of the early nova detections. The positions could be significantly improved by re-analysing of the original plates. Accurate positions -also for historical novae -are important for identifying novae in different wavelength regimes, and especially for secure identification of recurrent novae.
A successful search for optical novae over the whole body of M 31 requires a large set of observations that have to be deep enough and have to cover a sufficiently large (∼ 10 square degrees) field. For such an aim, the plate archives of large Schmidt telescopes provide very useful observational material. The present study is concerned with the M 31 plates in the archive of the Tautenburg Schmidt telescope (Sect. 2). Some plates, in particular the oldest ones, have been used already for nova searches by eye (Moffat 1967; Börngen 1968; Meinunger 1975 ). Here we describe the first automised, systematic nova search in the M 31 field on a large and complete selection of digitized Tautenburg Schmidt plates of the M 31 field.
Preliminary results of the present study have already been briefly summarised (Henze et al. 2006 ). The present paper includes a more detailed description of the observational data (Sect. 2), the data reduction (Sect. 3), the calibration (Sect. 4), and the procedures for selecting nova candidates (Sect. 5). The results are presented in Sect. 6 and discussed in Sect. 7. Finally, a summary is given in Sect. 8.
Observations
This work is based upon photographic plates taken in the years 1960 to 1996 with the Tautenburg Schmidt telescope (free aperture 1.34 m, focal length 4 m). A single Tautenburg plate covers an unvignetted field of 3 .
• 3 × 3 .
• 3 with a plate scale of 51 . ′′ 4 per mm. With 554 plates in total, the M 31 field is the most frequently observed field in the Tautenburg Schmidt archive. We selected a sample of 289 plates in the U BV bands, plus 17 bluesensitized plates without filter (NFBS). The main selection criterion was the exposure time, which was chosen to be ≥ 10 min as a basic requirement for a sufficiently deep plate limit. Figure 1 shows the distribution of epochs of the sample plates and Table 1 gives the number of plates per colour band and summarises the emulsions and filters used. Parameters for the individual plates are summarised in Tables 10 -19 . The Tautenburg colour bands U BV are almost identical to the Johnson system (e.g., van den Bergh 1964; Andruk et al. 1994; . The NFBS system is close to the B system and, in the context of the present paper, the two systems are considered to be nearly identical.
The distributions of the limiting magnitudes of the selected plates are shown in Fig. 1 , where the limiting magnitude is defined here as the peak of the magnitude distribution as shown in Fig. 2 (i.e., the faintest objects detected on a plate are typically ∼ 1 mag fainter). Note that the limiting magnitude varies significantly across the field due to the bright and spatially variable background from M 31. Especially for objects in the bulge, the limiting magnitude is significantly brighter, and inside a certain limiting isophote, the probability detecting stellar objects approaches zero (see Sect. 3 for the object detection). From the statistics of the detected stars from the external calibration catalogue (Sect. 4), we estimate the semi-major axes of these limiting isophotes to ∼ 3 ′ in B and ∼ 6 ′ in V, respectively. Based on the surface photometry of M 31 given by Walterbos & Kennicutt (1987) , these limits correspond to a limiting surface brightness of 19.80 mag arcsec −2 (B) and 19.73 mag arcsec −2 (V). In the U band, the semi-major axis of the limiting isophote is as small as ∼ 1 ′ where no surface brightness is available from Walterbos & Kennicutt (1987) . Obviously, these plates constitute valuable observational material suited to searching for bright variables in our neighbour galaxy. We recall that the spectral properties of the plate emulsions, the filters, and the optics have not changed significantly over the years; hence, the plate material is remarkably homogeneous over this long time base. Note, however, that the majority of these plates were not taken as a part of a systematic survey and that the plates thus do not cover exactly the same field. 
Data reduction
All plates were digitized with the Tautenburg Plate Scanner (see Brunzendorf & Meusinger 1999 for a brief description). The digital images have a pixel size of 10 µm × 10 µm (0 . ′′ 5 × 0 . ′′ 5) and a resolution depth of 12 bit per pixel. The images were reduced with the source detection software package Source Extractor (SE; Bertin & Arnouts 1996) . The SE creates output tables containing internal x-, y-positions, internal magnitudes, and additional object parameters. The subsequent data reduction and analysis were done using the ESO MIDAS package.
We used the SE in the Photo-Mode (DETECT TYPE: PHOTO), which takes the nonlinear response of the photographic emulsions into consideration. Fluxes were measured with a flexible elliptical aperture (SE mode AUTO). Special care was taken to consider the strongly fluctuating background surface brightness. To do so, we configured the SE to model a detailed background image (SE parameters BACK SIZE = 7, BACK FILTERSIZE = 7) using median filters. In an area of BACK SIZE, the mean and the standard deviation σ were com- puted, and all pixel values exceeding ±3 σ rejected. This procedure was repeated iteratively until all remaining pixel values lay within ±3 σ of the current mean value. A background map was built from all areas of BACK SIZE using the current mean of the area as a value for the background. Additionally, a smoothing median filter was applied to groups of BACK FILTERSIZE areas to model the final background image. This image was subtracted from the original image and object detection performed on the background-subtracted image. We decided to use a very low detection threshold (SE parameters DETECT THRESH = 1.3, DETECT MINAREA = 5) in order to reach a high completeness still at the plate limit. This typically yields ∼ 50 000 detected objects per plate. The big drawback to the high completeness is, of course, a strong contamination by spurious detections that have to be considered carefully in the subsequent data analysis.
To judge the reliability of the detections, we used the SE output parameters FWHM IMAGE (computed in units of pixel assuming a Gaussian PSF; stars have FWHM ∼ 7 . . . 15), ELLIPTICITY (stars: 0.05 . . . 0.1), FLAGS (image reduction errors), and CLASS STAR. The last parameter is useful for distinguishing between unresolved objects ("stars"; CLASS STAR close to 1) and extended objects (mainly background galaxies; CLASS STAR close to 0). This classification is based on a Neural Network. Since the reliability of the CLASS STAR parameter breaks down for fainter objects (CLASS STAR distributed randomly between 0 . . . 1), we computed the additional index NONSTELLAR, which is based solely on the deviation of the measured object profile from the mean profile:
where r is the radius of the object,r the median radius of all objects with similar (internal) magnitudes, and σ r the standard deviation of the radii of all these objects with r ≤r. Objects with NONSTELLAR > 3 are not considered as stellar.
Calibration
The astrometric and photometric calibrations follow a similar procedure to previous studies based on digitized Tautenburg Schmidt plates (e.g., Scholz et al. 1997; . First, deep reference plates are selected for each filter band and are then calibrated by means of an external catalogue. All other plates are calibrated using the large number of objects from the respective reference plate.
Astrometric calibration
The astrometric calibration of the reference plate (2588) For the first step, the USNO-B1.0 catalogue (Monet et al. 2003) was used. The catalogue query routine VizieR (Ochsenbein et al. 2000) at the CDS, Strasbourg, yields ∼ 55 000 objects in the field with a position accuracy of ≤ 0 . ′′ 1. For these objects rectangular coordinates were computed by VizieR and rescaled to the plate coordinate system.
To match the external catalogue to the catalogue of objects detected on the plate, we used a routine developed at Tautenburg , which is based on the MIDAS routine find/pair. First the 100 brightest objects in both tables are matched. In case of success, the coordinate systems are adjusted. This procedure is iteratively repeated with an increasing number of objects (up to ∼ 20 000 matches) and with increased precision. For calibration purposes, we did not use all the matched objects but selected a sample of ∼ 7 000 objects with (a) zero proper motion according to the USNO catalogue and (b) star-like image profile. With those objects of high reliability, we computed transformation relations from pixel coordinates to equatorial coordinates using two-dimensional polynomials of third order:
The calibration of all other plates using the reference plate essentially follows the same method. Figure 3 shows the distribution of astrometric standard errors for all plates. The resulting mean position accuracy is estimated to 0 . ′′ 3 for objects with calibrated magnitudes (see Sect. 4 .2) between 16 and 18 and to 0 .
′′ 45 for objects with calibrated magnitudes greater than 18. The overall astrometric accuracy is estimated to 0 . ′′ 4
Photometric calibration
For the photometric calibration, separate reference plates were used for each of the three filter bands. The external catalogue used here is the M 31 part of the Local Group Survey (LGS; Massey et al. 2006 ). The LGS maps 2.2 square degrees along the major axis of M 31 using a mosaic of CCD images. With U BV measurements for 20 000 to 30 000 stars (uncertainties ≤ 0.01 mag), the LGS provides an exceptionally large calibration sample. Because the plates have already been astrometrically calibrated in the previous step, the equatorial coordinates could be used for matching the catalogue of objects on the reference plate with the LGS. We find that the relation between the internal magnitudes and the catalogue magnitudes is not satisfactorily modelled by a single polynomial over the whole magnitude range (calibrated magnitudes ∼ 12 . . . 21). Therefore, a relation is used consisting of separate regressions for three different magnitude intervals with smooth transitions between these intervals. In this way a good and robust fit is achieved by using combinations of linear and quadratic regressions. Increasing the order of the polynomials, on the other hand, does not produce better results. For each magnitude interval, the calibrated magnitudes m cal are modelled by
where m int is the internal magnitude of the object and b its background intensity as measured by the SE. The inclusion of the local background as a parameter takes into account that the correct background subtraction is always difficult for a non-linear detector, especially when the background is bright and has a high spatial frequency. We find that the photometric accuracy is indeed significantly improved in this way (0.1 . . . 0.2 mag better). Furthermore, we confirm earlier results (e.g., Brunzendorf 2001) that including colour terms does not yield a substantial improvement of the fit over including the background.
For the calibration of all the other plates, the field was subdivided into two different areas that are complementary and separated by an ellipse approximating the contours of the outer spiral arms of M 31. The region inside this ellipse contains the area with the strong and spatially varying background of the disk. The outer region is characterised by a much fainter and relatively homogeneous background light distribution. This separate calibration approach yields a further improvement in the photometric accuracy. The calibration itself is done in the same way as described above for the reference plates. Both procedures work semi-interactively, where every single plate needs an individual setting of the magnitude intervals and of the order of polynomials used for the regression. Figure 4 illustrates the results of the photometric calibration.
Data analysis

Creation of light curves
To create light curves for all detected objects, it is first necessary to match the object catalogues from the different plates. Previous searches for variable sources on digitized Schmidt plates (Scholz et al. 1997; started from a basic object sample defined as the sample of all objects detected on a minimum number of plates. However, such an approach cannot be applied here because the time span of the observability of extragalactical novae can be as short as a few days. Also, the irregular sampling of the observations has to be taken into account. Thus it is possible that novae are detected on only two plates of similar epochs. To get light curves of all objects detected on at least two plates, every plate has to be correlated with every other plate. This was done here for every colour band separately. Of course a nova can also be detected on only one plate of a colour band. We define the detection in this case not as a light curve and discuss these objects in Sect. 5.3.
The correlation procedure works as follows. The field actually considered is the field of the astrometric reference plate. For every other plate, only the overlap region with the reference plate field was used for correlation. The reference field was subdivided into segments with a size of 0 .
• 1 × 0 .
• 1. For each of these sub-areas, the coordinates of all objects in the first plate table were matched with the coordinates of all other objects in the respective part of the field of all other plates. Since the typical position accuracy for a single plate in comparison to the reference catalogue is ∼ 0 .
′′ 4 (see Sect. 4.1 and Fig. 3 ), the typical position error for the comparison of two plates is σ ∼ √ 2 × 0 . ′′ 4. Hence we used an identification radius of 2 ′′ corresponding to ∼ 3.5 σ. This correlation procedure was repeated iteratively for all objects of the remaining plates that could not be identified in previous steps. By this means, the highest completeness could be achieved since every object on every plate was, in principle, compared with all objects on all other plates. The segmenting of the field was done with the large number of plates and the huge number of ∼ 45 000 detections for every plate in mind, in order to speed up the correlation procedure. Matching problems at borders of segments could be solved using overlap regions and selection criteria avoiding double matching. For each colour band, the correlation procedure produced tables (a) for all objects detected on at least two plates ("multidetection objects") and (b) for all objects detected on only one plate ("single-detection objects"). Both tables contain object coordinates and magnitudes for every plate the object was detected on. For multi-detection objects, the coordinates on the reference plate were used, if existing, or the coordinates on the first plate the object was detected on. Knowing the associated Julian Date (JD) for every plate, we were able to create light curves for every object. The analysis of the multi-detection light curves is described in Sect. 5.2. Single-detection objects need to be treated differently and are discussed in Sect. 5.3.
Selection of nova candidates from light curves
In a first step, the non-stellar objects were removed from the tables by a routine based on the geometric parameters (see Sect. 3). As criteria for a star-like appearance we used: CLASS STAR ≥ 0.33, NONSTELLAR ≤ 6, FWHM IMAGE ≤ 18 (to remove extended objects and very bright foreground stars), ELLIPTICITY ≤ 0.15 (to remove background galaxies and the most obvious plate defects), and FLAGS ≤ 3 (to remove serious reduction errors). Every object not satisfying at least one of these constraints was removed. These criteria are quite weak and each of them defines a lower limit. The reason for using weak constraints is to avoid a strong reduction of the sample at faint magnitudes where all these parameters are uncertain. Although this preselection only removes the obviously non-star like objects, the total number of objects is reduced by up to 30% (see Table 2 ). Note that in this step overlapping stellar images are also rejected, which could not be deblended correctly by the Source Extractor.
For the remaining objects, we computed light curve parameters specifically designed to select nova candidates. These parameters are (a) the time lag between the first and the last detections of the object (jddiff ), (b) the number of plates (nop) the object was detected on, (c) the magnitude difference of the limiting magnitude for the particular plate that the light curve peak was detected on to this peak magnitude (limitdiff ), and (d) the probability that this peak is not due to a random photometric fluctuation (peakdiff ). The last parameter is computed as follows: the peak measurement is removed from the light curve and the mean magnitude is computed from this modified light curve. Peakdiff now gives the difference between this modified mean and the actual peak value in terms of the standard deviation of the respective plate in the respective magnitude interval. The standard deviation is computed in the following way: the sample of multi-detection objects is binned into 0.5 mag intervals according to their magnitude on the reference plate. Then the differences between the object magnitudes on this plate and on the reference plate are computed for each calibrated plate. The distribution of these differences is represented by a Gaussian (see Fig. 4 for an example) and the standard deviation can be used to make individual estimates of the uncertainties on the photometric calibration. The mean standard deviation over all plates and all magnitude intervals is ∼ 0.2 . . . 0.3 mag. We decided to use low values for peakdiff in order to be able to discover nova light curves that have not been detected close to the maximum. This, of course, results in a large number of objects having to be checked carefully.
To interpret these parameters we analysed the data for the novae detected by Moffat (1967) and Börngen (1968) on Tautenburg plates. A sample of 20 typical nova light curves was constructed ( Fig. 5 for illustration), and their parameters were used to define the region of the parameter space where novae should be searched. Not all of the known novae were included, and the remaining objects were used to check the approach. We consider four different cases in detail: 1) nop > 2: the analysis of these light curves does not require the parameter limitdiff, which would remove too many faint objects 2) nop = 2: the parameter peakdiff is not useful here so we use instead limitdiff to remove spurious objects. In fact the actual values of limitdiff are quite low and lead to ∼ 100 selected objects where nova candidates constitute only a small percentage. The whole sample (without exclusion of the faintest objects) yields several hundred objects in which noise detections and plate faults are the vast majority. 3) recurr: here we search for recurrent novae defined by light curves consisting of two parts separated by more than 360 days where at least one part satisfies the selection criteria for case 1 (i.e., nop≥2). 4) recurr2: as case 3 but for nop=2.
The selection criteria are similar for the three colour bands, but the values of the parameters were individually configured for each band. The final selection parameters are summarised in Table 3 . The last two columns give the numbers of selected objects and of final nova candidates, respectively. Note that the criteria for recurrent novae are applied to light curves consisting of two parts separated by more than 360 days.
Two types of objects were automatically rejected by the selection procedure: (1) objects from those parts of the field that are covered by only a small number of plates with small epoch differences and (2) nova candidates obviously mimicked by high-proper motion foreground stars (where a star has moved out of the identification radius over the long time base of our plate material). All other objects satisfying the light curve selec- tion criteria are regarded as "selected objects", and their numbers are given in Table 3 .
In a next step, the light curves of all selected objects are checked individually. In particular, each selected object is correlated with the object lists from the other two colour bands. Several objects selected in one band were removed because the light curve in another band clearly indicates that the object is not a nova. On the other hand, the independent selection of the same object in two or even three colour bands is a very strong argument for a nova candidate. Each object from the final sample of selections was inspected by eye on the digitized plates, mainly to directly check the stellar appearance by comparing its image structure with the nearby stars of similar magnitude. Furthermore, we checked via the Aladin Sky Atlas at the CDS, Strasbourg, if the objects are visible on more than one DSS POSS II plate (of course not expected for a nova) and if the objects already have entries in the databases of SIMBAD and NED. All objects passing all tests successfully constitute our sample of nova candidates. The corresponding numbers from the three bands are listed in Table 3 .
Selection of nova candidates among the single detections
The number of single-detection objects is much greater than the number of multi-detection objects (see Tables 2 and 4) . Reasons for this are (a) a large number of noise detections due to the low detection thresholds, (b) various "plate defects", and (c) the fact that several of the older plates had been broken in the past. These plates have been repaired, which results, however, in a significant loss of astrometric accuracy and consequently in matching problems and wrong identifications in the context of creating the light curves.
To select objects of high reliability, the measurements on heavily damaged plates were completely removed from the analysis of the single detections. For the remaining plates we considered only objects brighter than 1 mag below the plate limit and applied the following selection criteria based on the image structure: CLASS STAR ≥ 0.8, ELLIPTICITY ≤ 0.1, FLAGS ≤ 3, FWHM IMAGE ≤ 15, and NONSTELLAR ≤ 3. The objects satisfying all these criteria constitute the sample of high priority in contrast to the whole sample of single detections that have only normal priority. The constraints are much stronger here than for the multi-detection objects. The high-priority sample therefore contains only about 0.1% of all single detections (Table 4) . However, even this high-priority sample is still heavily contaminated by plate defects that can perfectly mimic star-like objects. Although there are elaborate methods known to distinguish between plate defects and stars (e.g., Greiner et al. 1990 ), such techniques are too expensive to be applied to the several hundred objects in our study. A single detection therefore is not enough for classifying an object as a nova candidate. In the context of the present work, the only way to restrict the large number of single detections to a sizable candidate sample is to correlate the table of single-detection objects with other tables in order to get additional information on these objects. Note that the terms multi-detection object and single-detection object were defined in the context of the light curve analysis. Since light curves were constructed for every colour band independently, it is possible that e.g. two single detections from different colour bands show a position coincidence. Therefore, we defined identification criteria for nova candidates by referring to the position difference (dist) and the time lag (diff) of two records in different tables to be identified as the same object. We matched the high-priority samples of each colour band with the tables of multi detections or high priority single detections in the other colour bands. The identification criterion in these cases is dist ≤ 2 ′′ & |diff| ≤ 50d. Additionally, we matched the normal priority single detections with the table of the already known novae to find out which novae we can confirm and to search for recurrent novae. Here we used (a) dist ≤ 10 ′′ & |diff| ≤ 100d for identifying novae to confirm and (b) dist ≤ 10 ′′ & |diff| > 100d for identifying recurrent nova candidates. Table 5 shows the results of these correlations. The first two columns give the matched tables and the third column gives the number of nova candidates discovered or confirmed using correlations.
Furthermore, we matched the normal priority single detections in a given colour band with the normal priority single detections in the other colour band. Because of the high number of objects, we used stricter identification criteria (dist ≤ 1 ′′ & |diff| ≤ 50d). We did not find any additional nova candidates with these selection criteria. 
Results
Using the criteria detailed in the previous section we found in total 55 nova candidates based solely on data from the Tautenburg plates; details are given in Tables 6 -8 . Table 6 contains all objects that were previously discovered on Tautenburg Schmidt plates by Moffat (1967) , Börngen (1968) , and Meinunger (1975) and that were confirmed here. Table 7 contains all selected nova candidates that match already known novae from the literature that have not been measured before on Tautenburg plates. Especially for the candidates in Table 7 , the independent detection and classification as nova candidates makes them very likely to actually be novae. Table 8 presents all nova candidates that were newly detected in this study. For nova candidates in Table 8 , no counterparts were found in the nova catalogue (PHS07) having a position difference of ≤ 60 ′′ and a time lag of less than 100 days.
Furthermore, we confirm 29 known novae mostly found by analysing matches of the single-detection objects with PHS07 (Table 9 ). Some of these objects have more than one single detection, which could not be correlated, however, because one or more of these detections were made on broken plates having large astrometric errors. Hence these objects were not found independently using the analysis of the light curves, but they do confirm already known nova candidates. For all of these objects, we present significantly improved positions. A second confirmation exists for each of these objects, either a second single detection, a faint but not detected object found by eye on one of our sample plates, an object found by eye on a plate not included in the original plate sample (e.g. an R plate), or an entry in PHS07. To judge the possibility that bright nova candidates appear only as one single detection, we analysed the high-priority sample of the U band single detections (see Table 4 ) and checked the digitized images of the objects. All but two objects were characterised as plate defects due to their geometry in comparison to nearby stars or because the objects cannot be found on subsequent neighbour plates with small epoch differences to the detection plate. We found the remaining two objects to be nova candidates using correlations described in Sect. 5.3. Therefore, we assume that no bright nova candidate was missed that only appears as a single detection. Some nova candidates in Tables 6 -9 (indicated by (*)) show specific features in their identification. We discuss them individually in Sect. 7.2.
We present finding charts for all 84 novae in Figs. 8 -14. All these charts have a size of 4 ′ × 4 ′ and are oriented north up and east left. Light curve data points of 82 nova candidates detected on the plates (see Sect. 7.2 for the remaining two) are given in Tables 10 -19. Figure 7 shows the spatial distribution of the novae over the disk of M 31.
We found no light curve unambiguously showing a recurrent nova in our data base. One candidate was selected using the model for recurrent novae shown in Table 3 , but the subsequent visual inspection revealed an incorrect identification with a nearby star on a broken plate. However, one of our newly found novae correlates with a known nova and is therefore likely to be a recurrent nova. We also discuss this object in Sect. 7.2.
The observed maximum brightness of all nova candidates is distributed as follows: 3 novae are brighter than 16 mag, 6 novae range between 16 and 17 mag, 29 novae range between 17 and 18 mag, and 44 novae are fainter than 18 mag. For 7 novae, we estimated t 2 , i.e. the time (in days) taken for the luminosity to fall 2 mag below the (observed) maximum. We give the speed class for these objects according to Payne-Gaposchkin (1957) and discuss these objects in Sect. 7.2. Most of the previously known novae were detected on Tautenburg plates after the already known outburst. However, note that 9 novae were detected ≤ 5 days before the previously known outburst and 3 novae even earlier (up to 84 days before). These 3 objects are also discussed in Sect. 7.2.
Discussion of individual nova candidates
Before we discuss individual nova candidates, we want to emphasise that we searched explicitly for objects that were visible only on a short time span. Consequently this means that the seldom novae in globular clusters (like in Quimby et al. 2007) are not recognised by this procedure if those clusters are bright enough to be detected. A search for such novae could be made in the context of an analysis of long-term variable objects, which we plan to conduct in the future.
In addition, we want to point out that the results presented in the present paper contain a few modifications compared to the preliminary results published by Henze et al. (2006) where 19 new historical nova candidates in M 31 have been announced. Meanwhile, we identified one of these objects (nova 32, discussed below) with an already known nova and found four additional new nova candidates (novae 35, 36, 42, and 43).
Rejected novae
We have re-investigated all nova candidates previously found on Tautenburg plates in considerable detail. Most of them were confirmed as nova candidates and are listed in Tables 6 or 9 . However, for two objects we found that they have very likely been misclassified as novae, whatever they are instead. These objects will be discussed briefly below.
Nova M31N 1966-10a = Nova Börngen 21
This nova candidate is described by Börngen (1968) as "nova like, weakly confirmed" and was detected on only three plates. We find that there is a very faint object visible on all of these three plates; however, we noticed position differences of up to 4 .
′′ 3 between the three objects and therefore do not consider this object as a nova. (There is also no pattern recognisable in this position's differences that can be interpreted as caused by a highproper motion star.) Nova M31N 1967-08c = Nova Meinunger S10753
This object was classified as a nova by Meinunger (1975) because of a significant (≥ 1 mag) outburst that is confirmed in our data. However, there is a very faint object visible at that position on many other plates of different epochs. Moreover, there is clearly an object visible on POSS II plates. We checked the possibility of this object being a nova in a globular cluster (similar to the one reported by Quimby et al. 2007 ), but there is no entry in the catalogue of M 31 globular clusters (Galetti et al. 2006 ) at this position. Consequently we consider this object not to be a nova in M 31.
Remarks on individual nova candidates
Here we briefly present remarks on individual objects. We discuss a candidate recurrent nova and a rejected candidate recurrent nova, give details on two novae with large position corrections, and discuss three objects that we detected much earlier than the previously known outbursts. Furthermore, we note a nova that might belong to M 32, discuss three novae with lower position accuracy, and give remarks on six very fast or very bright novae and on one very slow nova.
Nova 4 = M31N 1963-08a = Nova Moffat 2
Fast nova, t 2 ∼ 20 days.
Nova 5 = M31N 1963-09b = Nova Moffat 1
Moffat (1967) gave wrong coordinates for this object. In fact, the nova Moffat 1 coincides with nova Rosino 47 (Rosino 1973) . This is clearly seen on the plates where the nova candidate originally was found by Moffat. The date of outburst is 2 days earlier than given by Rosino and is very well constrained (1 day). This nova is very bright (15.4 mag) and very fast (t 2 ∼ 3 days).
Nova 7 = M31N 1963-10b = Nova Börngen 8
Fast nova, t 2 ∼ 13 days.
Nova 17 = M31N 1967-10b = Nova Meinunger S10731
Very fast nova, t 2 ∼ 8 days.
Nova 18 = M31N 1967-10c = Nova Börngen 26
Brightest nova found in this work (15.2 mag).
Nova 24 = M31N 1973-10b = Nova ShAl 15
Nova 28 = M31N 1985-09g = Nova Rosino 139
We detected this nova 21 days before the outburst date reported in Rosino et al. (1989) . But Rosino also noted a possible detection of this nova 2 days before our detection date. Because of the good agreement with our data, let us suppose that this possible detection indeed was real and that Rosino detected the outburst of the nova at nearly the same date as we did.
Nova 31 = M31N 1992-12b = Nova Shafter & Irby 1992-01
This nova was found on Tautenburg plates even 84 days before the outburst reported by Shafter & Irby (2001) . First we note that Shafter & Irby found this nova at the beginning of an observation period with previous observations one year ago. Furthermore, Shafter & Irby conducted their survey in the Hα band, in which the brightness of novae declines more slowly (Shafter & Irby 2001) . Therefore, we assume that this nova is a slow one and still visible in Hα 100 days after outburst. Unfortunately there were no M 31 plates taken in Tautenburg at this time (see Table  18 ).
Nova 32 = M31N 1996-08d = Nova ShAl 48
Despite a position difference of 46 .
′′ 1, this nova candidate is identified with nova ShAl 48, since the dates of outburst coincide very well and also the finding chart given by Sharov & Alksnis (1997) evidently shows the same object. In agreement with Alksnis (2006), we assume that the large position difference is due to a typing error in Sharov & Alksnis (1997) .
Nova 40 = M31N 1972-01b
Very fast nova, t 2 ∼ 7 days.
Nova 43 = M31N 1975-09a
This nova candidate was found in our search for recurrent novae using correlations of single-detection objects with the PHS07 catalogue. Originally we identified this object with nova M31N 1999-01a found by Rector et al. (1999) , because the distance of the two objects is only 3 . ′′ 4. However, a finding chart provided by Rector (2007) clearly shows that both nova candidates have different positions. However, we confirmed this object as a new nova candidate using additional plates.
Nova 44 = M31N 1975-11a
The position of this newly found candidate correlates (distance ∼ 1 .
′′ 0) with nova M31N 1945-09c detected by Baade & Arp (1964) . Hence we classify this nova as recurrent, although the position accuracy of 0 .
′′ 3 given by Baade & Arp may be too optimistic, and there are no finding charts available for this object to confirm this assumption. Unfortunately Baade & Arp gave no date of outburst for their nova 32/Table 4. For naming purposes, PHS07 set the date of outburst to 1 September 1945 but the actual date can be between 1945 and 1949. Therefore, the recurrence time is estimated to 26 -30 years. As for nova 41, we classify this object as a new nova because the particular outburst in 1975 was not known before.
Nova 57 = M31N 1962-08a = Nova Meinunger S10730
This candidate is near to the centre of M 32 (distance ∼ 1 . ′ 8). Therefore, we note that this nova might belong to the galaxy M 32.
Nova 58 = M31N 1962-07a = Nova Börngen 2
After the detected outburst in September 1962, this object became visible for a year. In agreement with Rosino (1964) , we note that this is a very slow nova (t 2 ∼ 350 days).
Nova 62 = M31N 1963-10a = Nova Börngen 7
This object was not detected in the automatic search routine due to the proximity to a bright star. For the same reason, no photometry is given here. We confirmed this nova candidate by eye and computed the coordinates separately. Therefore, the position accuracy is only ∼ 1 ′′ .
Nova 64 = M31N 1964-08b = Nova Börngen 12
This object was not detected in the automatic search routine because the plates it is detected on are of lower photometric quality and have therefore not been included in the 306 selected plates of the present study. We confirmed this nova candidate by eye and computed the coordinates separately. Therefore, the position accuracy is only ∼ 1 . ′′ 5.
Nova 68 = M31N 1966-09c = Nova Börngen 18
This object was detected only on broken plates. Therefore, the position accuracy is only ∼ 0 . ′′ 8
Nova 82 = M31N 1985-09b = Nova Ciardullo 20
We detected this nova 19 days before the outburst reported by Ciardullo et al. (1987) . Similar to Nova 31, the date of outburst reported by Ciardullo et al. is at the beginning of an observation period of their Hα survey. Therefore, we interpret this object as a moderately fast nova that is visible much longer in the Hα band.
Summary
Performing a systematic search on a large number of 306 archival Schmidt plates, we found or confirmed in total 84 novae in M 31. We found 22 new nova candidates by performing light curve analysis, one of them a candidate for a recurrent nova, 12 nova candidates that are known but not found on Tautenburg plates before, and 21 nova candidates that are known to have been previously discovered on Tautenburg plates. Furthermore, using single detections, we can confirm 29 nova candidates reported in the literature. For all objects we give significantly improved positions. Even though most plates were not taken in the context of a systematic nova survey and the sampling is very irregular, this database has proved to be very valuable by the high number of novae detected on the plates. Moreover, the number of 22 newly-found nova candidates and the fact that one of them is a candidate for a recurrent nova impressively shows the potential of "old" plate archives. Our study was made possible by the ongoing digitization of the Tautenburg plate archive. The reanalysis of archival plates makes it possible to tap the full potential of long-term databases. recurrent novae. We are grateful to Philipp Schalldach for his extensive help in checking and confirming the nova candidates. Meinunger (1975) , R = Rosino (1973) e : position difference d and time lag t between the present study and the previously published data; the time lag is computed as t = jd here − jd previous , i.e. negative values mean an earlier detection on our plates than in previous works f : Julian Date of maximum luminosity on Tautenburg plates; for the first detection on Tautenburg plates see Tables 10 -19 g : year of the outburst Table 7 . As for Table 6 but for the previously known nova candidates which have not been reported before on Tautenburg plates. Rosino (1964 Rosino ( , 1973 Rosino ( , 1989 , ShAl = Sharov & Alksnis (1991, 1992, 1997) , and SI2001 = Shafter & Irby (2001). Table 9 . As for Tables 6 and 7 but for the confirmed nova candidates from the present study. Note: a : Additionally, CFN87 refers to Ciardullo et al. (1987) Fig . 7 . Distribution of nova candidates found in the present study. Five objects lie outside the displayed field shown by a colour composite based on Tautenburg U BV plates. The field size is 1 .
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